3. Deduced functions and sequence comparison of the tar genes (Table S2) 
Experimental methods
Strains and culture conditions. Strains used in this study are listed in Table S1 . A highly transformable Saccharomyces cerevisiae strain VL6-48 (MAT alpha, his3-D200, trp1-D1, ura3-52, lys2, ade2-101, met14, psi+cir0) was used as a host for gene cluster direct cloning experiments. This strain was obtained from the American Type Culture Collection (ATCC no. MYA-3666). The yeast cells grown in liquid YPD medium (Yeast extract Peptone Dextrose medium; 2% D-glucose, 1% yeast extract, and 2% peptone) supplemented with 100 mg/l adenine were used for spheroplasting prior to transformation associated recombination (TAR). Yeast transfomants were selected on synthetic tryptophan drop-out agar (SD-Trp agar) consisting of 0.17% yeast nitrogen base without amino acids and ammonium sulfate (Sigma Y1251), 0.19% yeast synthetic drop-out medium supplements without tryptophan (Sigma Y1876), 1 M sorbitol, 2% D-glucose, 0.5% ammonium sulfate, 100 mg/l adenine and 2% agar. E. coli Top10 (Invitrogen) was used as a host for propagation of plasmids. E. coli ET12567 was used as the non-methylating plasmid donor strain for intergeneric conjugation with Streptomyces coelicolor strain M1146 (Δact Δred Δcpk Δcda) 1 S. coelicolor M1146 was used for heterologous expression experiments and was cultured in MP media containing 1% glucose, 1% soluble starch, 0.4% peptone, 0.3% yeast extract, 0.3% soytone, 0.2% meat extract, 0.2% CaCO 3 , and 0.5% NaCl. Kanamycin (Kan, 50 µg/ml), apramycin (Apr, 50 µg/ml), chloramphenicol (Chl, 12.5 µg/ml), and nalidixic acid (Nal, 25 µg/ml) were used for selection of E. coli and Streptomyces recombinant strains.
Construction of the gene cluster capture vector pCAP01.
The yeast-element consisting of ARSH4/CEN6 (replication origin) and TRP1 marker was amplified from a yeast centromeric plasmid, pRS314 (ATCC 77143), with primers yeast-element-F (5'-TCGACTAGTAACCTCGAGACTTGAGGTACCTGTATTTAGAaaaataaacaaataggg-3') and yeast-element-R (5'-TAAACTTGGTCTGACAGTTAGgttcacgtagtgggccatcgcc-3'). Newly introduced restriction sites for SpeI, XhoI, and KpnI are shown in bold, and the capitalized letters represent overlapping regions with flanking elements for the entire capture vector assembly in yeast. pUC ori from SuperCos1 (Stratagene) was amplified as the E. coli-element with primers Ecoli-element-F (5'-GATGGCCCACTACGTGAACCTAACTGTCAGACCAAGTTTActcatatata-3') and Ecoli-element-R (5'-CCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAaatg-3'). To generate the Streptomyces element consisting of the φC31 integrase gene (int) and its attachment site (attP), origin of DNA transfer (oriT), and Kan resistance marker, the aac(3)IV gene (apramycin resistance) on the integrative plasmid pSET152 was replaced with the aph(3)II gene (Kan/Neo resistance) from pK18mob (accession No. AF012346) as follows. The aph(3)II gene with its promoter was PCR amplified with primers aph-sacF (5'-cgataagGAGCTCtcacgctgccgcaagcactcag-3') and aph-sacR (5'-cccagagGAGCTCtcagaagaactcgtcaagaaggcga-3'). Bold letters represent SacI restriction sequence. The PCR product was digested with SacI and ligated with the larger fragment of similarly digested pSET152, yielding a Kan resistant variant of pSET152 called pLAE101. The Streptomyces elements generated as detailed above were then PCR amplified from pLAE101 with primers Streptomyces-elements-F (5'-TCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGcgat-3') and Streptomyces-elements-R (5'-TCTAAATACAGGTACCTCAAGTCTCGAGGTTACTAGTCGAtctttgtagaaaccatcgg-3').
To assemble all three elements in yeast, fragments having 40 to 41-nt overlaps at both ends were combined and were introduced into the S. cerevisiae strain VL6-48 by electroporation. A single transformant colony selected on SD-Trp agar was inoculated into SD-Trp liquid media (agar was omitted from SD-Trp agar) and grown for 36 h at 30°C with shaking. The construct extracted from the cells was re-introduced into E. coli Top10 cells by electroporation and then was isolated from an Kan r clone, yielding the gene cluster capture vector pCAP01 (Figure 1a) .
Construction of the taromycin (tar) gene cluster specific capture vector.
The tar pathway specific capture vector was constructed by introducing into the vector two short homology arms corresponding to flanking regions of the target gene cluster. [2] [3] [4] For the left end capture arm of the taromycin (tar) gene cluster, a 1.0-kb region corresponding to the tar1 membrane protein gene was PCR amplified with tar-leftend-F (5'-ttatattactagttgtgttctttcctcgccttgaaccgt-3') and tar-leftend-R (5'-AGCGGCATCGGGATCCCGCTCATCGCcggggccatg-3'). SpeI and BamHI restriction sites are shown in bold. The other 1.0-kb region, on the right end of the tar gene cluster, corresponding to orf6 was amplified with primers tar-rightend-F (5'-GCGATGAGCGGGATCCCGATGCCGCtattaggcggctg-3') and tar-rightend-R (5'-aaccttactcgagtggaccgggtcctgatcagg-3'). BamHI and XhoI restriction sites are shown in bold. The two PCR amplified capture arms were then combined and assembled into single piece (2.0-kb) by PCR with primers tar-leftend-F and tar-rightend-R. The assembled fragment was digested with SpeI and XhoI and introduced into pCAP01, yielding the tar gene cluster specific capture vector. Prior to direct TAR cloning, the "circular" construct was digested with BamHI, generating linear capture vector flanked by 1.0-kb capture arms at both ends.
Direct cloning of the tar gene cluster using TAR. Direct TAR cloning of the tar gene cluster from genomic DNA was carried out using a previously reported protocol with some modifications. 4 S. cerevisiae strain VL6-48 was grown in 100 ml YPD medium supplemented with adenine (100 mg/l) at 30°C with shaking until OD600 of 0.7-1.0 was reached. The cells were harvested and washed with ice-cold water and osmotically stabilized in 1 M sorbitol at 4°C for 20 h prior to spheroplasting. Preparation of spheroplast cells was carried out using a lytic enzyme, Zymolyase-20T (MP Biomedicals), as reported 4 but with extended reaction time (40 min incubation). Spheroplast cells were transformed with 0.5 to 1 µg of genomic DNA fragments and 0.4 µg linearized tar gene cluster specific capture vector according to the protocol. 4 The transformed spheroplasts were mixed with 7 ml SD-Trp top agar (SD-Trp containing 3% agar) equilibrated at 55°C and overlaid on SD-Trp agar. The plates were incubated at 30°C for 3 days. One hundred of transformants appeared on the plates were picked with toothpicks and transferred onto new SD-Trp agar plate, and the plate was incubated for 2 days at 30°C.
For screening of the directly cloned tar gene cluster, colony PCR was conducted. Cells were spheroplasted using Zymolyase-20T at 30°C for 2 h and then were boiled at 98°C for 5 min. The supernatants were used as a template for PCR screening using primers amplifying a 1-kb region in the middle of the cluster (tarscreeningF = 5'-accgtggtgccggtggaggttc-3', tarscreeningR = 5'-acggcaccgcgctcaccagtc-3'). Plasmids were extracted from identified clones and reintroduced into E. coli Top10 cells by electroporation. The plasmids were then purified from Kan r E. coli clones, and direct cloning of the tar gene cluster into the capture vector pCAP01 was confirmed by restriction analysis with NcoI or PstI. The yielded construct was designated as pCAP01-tar.
Genetic manipulation of the tar regulatory genes.
Regulatory gene manipulations were carried out using yeast in vivo homologous recombination-mediated PCR targeting. 5 The tar19 and/or tar20 regulatory genes located at boundary of the cluster and all unrelated genes beyond the regulator genes were eliminated from pCAP01-tar by gene replacement with PCR amplified URA3 auxotrophic marker gene flanked by 39 nucleotide homology arms, which are identical to upstream or downstream region of the target region, as follows. To eliminate the region from the tar20 to orf6, the URA3 gene including its promoter was PCR amplified from pGAL-MF plasmid with primers tarluxdel-F (5'-AGCCTCAACAGTTCGCGGCCGGCGTCCGCTGGTGCAGTGtctagacagattgtactgagagtgca-3') and tarrightldel-R (5'-TGGACCGGGTCCTGATCAGGCGGTCTCCCGGTCACGTTCtctagaatttgtgagtttagtatacatgc-3'). The capitalized letters represent homology arms for recombination. S. cerevisiae VL6-48 carrying pCAP01-tar was then transformed with the URA3 cassette (1.1-kb) by electroporation. Resultant plasmid from a single transformant selected on uracil deficient SD agar was reintroduced into E. coli Top10 cells by electroporation. The plasmid was purified from Kan r clone, and elimination of the target region was confirmed by restriction analysis. The resulting construct, in which the tar20 gene and all the downstream genes were eliminated, was designated as pCAP01-tarM2. For elimination of the region from the tar19 to orf6, the URA3 cassette was prepared by PCR with primers tarsarpdel-F (5'-GCAAGTGTGATGAATGTTTCGTGACAACGCACTAGGCTCtctagacagattgtactgagagtgca-3') and tarrightldel-R. S. cerevisiae VL6-48 carrying pCAP01-tar was transformed with the cassette, and the mutant plasmid was then prepared in the same way, yielding pCAP01-tarM1, in which both the tar19 and 20 genes were eliminated.
Heterologous expression of the tar gene cluster. The pCAP01-tar and its derivatives that have the φC31 integrase (int) gene with its attachment site (attP) were introduced into E. coli ET1256 6 and transferred to S. coelicolor M1146 1 by triparental intergeneric conjugation facilitated by E. coli ET12567/pUB307. 7 Kan r exconjugants were selected on MS agar containing Nal and Kan. Heterologous S. coelicolor strains were routinely pre-cultivated in Trypticase Soy Broth (TSB) containing Kan and Nal at 30 °C for 3 days. A portion (0.5 ml) of the precultures was used to inoculate 50 ml modified MP production medium 8 consisting of 1% glucose, 1% soluble starch, 0.2% peptone, 0.3% yeast extract, 0.3% soytone, 0.2% malt extract, 25 mM TES (pH7.2), and 0.5% NaCl, which was grown for 4 to 5 days at 30°C in a 250 ml flask with rotary shaking. Solid phase extraction of the culture supernatants was performed with Amberlite XAD resin (SIGMA) as described previously. 9 The methanol extracts from the resin were analyzed by reversed phase HPLC and also HPLC-MS. The analytical conditions for HPLC were as follows: Luna 5 µ C18 column (100 x 4.6 mm; Phenomenex Inc., USA) was used at room temperature with gradient flow of aqueous acetonitrile buffered with 0.1% TFA (20 -60% acetonitrile over 30 min at a flow rate of 1.0 ml/min); detection was at 254 nm.
Genetic complementation of the tar regulatory genes.
To reintroduce the eliminated regulatory genes back into the regulatory gene deficient mutants, a chromosomal integrative expression vector having φBT1 phage integrase (int) gene with its attachment site (attP) and strong constitutive ermE* promoter, pKY01, was used. 8 The vector has the aac(3)IV gene providing Apr r in both E. coli and actinobacteria as a selective marker. The tar19 sarp regulator gene was PCR amplified with primers tarSARP-ndeF (5'-aggtccccatatggcggtcctgggacagttg-3') and tarSARP-hindR(5'-ctctagtaagctttcagggcttcctccgcagcg-3'), and the resultant product was inserted into pKY01 after restriction digestion, generating pKY01-tar19. For the tar20 luxR-type regulator expression construct, pKY01-tar20, a primer set tarLuxR-ndeF (5'-aggtccccatatggagttagacccaaaggtaccgatc-3') and tarLuxR-hindR (5'-ctctagtaagctttcaacagttcgcggccggcgt-3') was used. NdeI and HindIII restriction sites are shown in bold. The resultant two expression constructs were then transferred to two regulatory gene deficient mutants, S. coelicolor M1146 / pCAP01-tarM1 and S. coelicolor M1146 / pCAP01-tarM2, by conjugal transfer as mentioned above. Four mutants were selected against Apr and Nal and subjected to expression.
Overexpression of the codon redressed tar20 regulatory genes. The TTA codon coding for Leu is known to be very rare in Streptomyces strains. To redress all five TTA codons found in the tar20 gene, PCR-mediated mutagenesis exchanging codons was carried out as follows. The tar20 gene was PCR amplified as five overlapping fragments divided at TTA codons with the following primer pairs:
The capitalized letters represent overlapping regions for following PCR assembling and NdeI and HindIII restriction sites are shown in bold. In the above shown primers, TTA codons were redressed to CTG to give the same amino acid, Leu, as shown in underlined letters. Five overlapping PCR products were then assembled and amplified as a single piece by PCR using primers tar20S1-ndeF and tar20S5-hindR. The resultant codon redressed tar20 gene was cloned into the NdeI-HindIII site of pKY01. The construct, in which correct codon replacement was confirmed by sequencing, was then transferred to two regulatory gene deficient mutants, S. coelicolor M1146 / pCAP01-tarM1 and S. coelicolor M1146 / pCAP01-tarM2, by conjugal transfer in the same way. Resultant mutants selected against Apr and Nal were subjected to expression.
Isolation of taromycins
A methanol extract from a 1 L fermentation produced ~150 mg of crude material. The crude methanol extract was redissolved in H 2 O (1 mL) and purified by preparative HPLC (C18, 15 mL/min, 20% CH 3 CN/H 2 O+0.1% TFA to 80% CH 3 CN/H 2 O+0.1% TFA over 30 min). Fractions containing taromycin, as indicated by MS-MS fragmentation, were combined and dried under vacuum to produce a crude taromycin mixture (15 mg). The crude taromycin mixture was then purified by semi-preparative HPLC (C18, 15 mL/min, 20% CH 3 CN+0.1%/H 2 O+0.1% TFA to 80% CH 3 CN+0.1%/H 2 O+0.1% TFA over 30 min) to yield taromycin A (1 mg).
Structural elucidation of taromycins.
High resolution mass spectrometry analysis of taromycin A showed an isotopic distribution consistent with two chlorine atoms. FT-MS analysis of taromycin A showed the amino acid sequence identical to daptomycin with the exception of the serine residue being substituted with an additional alanine ( Figure S9 ). The mass fragment of the kynurenine and tryptophan residues indicated a single chlorine atom on each residue. The locations of the chlorine atoms on the tryptophan and kynurenine residues were identified by comparative HSQC and HMBC NMR analysis against daptomycin (Tables S3, S4 Table S5 . A second batch of taromycin A (200 µg) was hydrolyzed (6 M HCl containing 5% phenol, 160°C, 3 min) 12 and treated with D-FDAA as reported above. Daptomycin was treated identically to taromycin A to yield additional retention times recorded in Table S5 . Amino acid standards (50 µl of 50 mM in 1 M NaHCO 3 ) were reacted with D-FDAA at 45°C for 1 h. Following concentration by N 2 and filtration, each amino acid standard was injected according to identical conditions used for taromycin A and daptomycin. Retention times are tabulated in Table S3 .
Functional validation of pCAP01 system. Function of the newly developed pCAP01 was validated by the direct cloning of the 30-kb marinopyrrole (mpy) biosynthetic gene cluster from Streptomyces sp. CNQ-418 that we previously reported (accession no. JX157625) and its heterologous expression in Streptomyces coelicolor M512 prior to direct cloning of the tar gene cluster as follows. For construction of the mpy cluster specific capture vector, a 1-kb region containing the mpy1 gene was PCR amplified as left side capture arm with primers mpy-leftendF (5'-aagatcgactagtagagcgccaacagggccg-3') and mpy-leftendR (5'-TACCGGGAAAGCGCCGGATCCTCAGATGGTGAAGGTGCGAggaaa-3'). SpeI and BamHI restriction sites are shown in bold. The right side capture arm (1-kb) containing the mpy16 gene was amplified by PCR with primers mpy-rightendF (3'-TCGCACCTTCACCATCTGAGGATCCGGCGCTTTCCCGGTActggagacc-5') and mpy-rightendR (3'-cggaaccctcgagctcgctcttcctggctg-5'). BamHI and XhoI restriction sites are shown in bold. For each primer set used to amplify the 1 kb capture arms, the capitalized letters represent overlapping regions of homology between the two 1-kb fragments for PCR assembly of a 2-kb insert. The 2-kb insert was assembled from the PCR products by PCR using primers mpy-leftendF and mpy-rightendR. The assembled fragment was digested with SpeI and XhoI and introduced into pCAP01, yielding the mpy gene cluster specific capture vector. Prior to direct TAR cloning, the "circular" construct was digested with BamHI, generating linear capture vector flanked by 1.0-kb capture arms at both ends.
Spheroplast cells of S. cerevisiae strain VL6-48 were transformed with HindIII digested genomic DNA from S. sp. CNQ418 and the linearized (BamHI digested) mpy pathway specific capture vector as described above. Colonies grown on SD-Trp agar were subjected to PCR screening with primers mpy-ckF (5'-tccacgaccgtagaggccagtg-3') and mpy-ckR (5'-gactcgctgacttcggagagacac-3'), and the desired plasmid was extracted from an identified clone. Restriction analysis of the plasmid propagated in E. coli confirmed direct cloning of the mpy cluster, yielding pCAP01-mpy.
pCAP01-mpy was then transferred to S. coelicolor M512 by triparental intergeneric conjugation facilitated by E. coli ET12567/pUB307. 7 A resultant Kan r clone was subjected to heterologous expression experiment as previously reported, 8 and successful production of marinopyrrole A was confirmed ( Figure S12 ). 
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Schematic diagram of the tar gene cluster direct cloning using TAR.
Figure S1
TAR cloning of the taromycin biosynthetic gene cluster (tar). Spheroplast cells of S. cerevisiae VL6-48 were transformed with DNA mixture consisting of enzymatically digested genomic DNA fragments of S. sp CNQ-490 and the linearized tar pathway specific capture vector. In yeast cells, homologous recombination occurred between homology arms pre-installed in the vector and homologous genomic DNA fragment, and thus 73-kb genomic region containing the tar loci was directly captured into the vector, yielding replicable circular construct pCAP01-tar. Yeast clones carrying the tar pathway were selected on agar plate lacking Trp. In the case when there is no homology between the capture vector and co-introduced genomic DNA fragment, the capture vector stays linear, resulting in no colony formation on selective agar plate. 
Restriction mapping of pCAP01-tar and its derivatives.
Figure S4
Effect of genetic complementation with tar regulatory genes in S. coelicolor M1146 / pCAP01-tarM1 (∆tar19 sarp, ∆tar20 luxR). Extracts from (a) S. coelicolor M1146 / pCAP01-tarM1 (∆tar19 sarp, ∆tar20 luxR) complemented with the tar20 luxR gene via pKY01-tar20, (b) S. coelicolor M1146 / pCAP01-tarM1 (∆tar19 sarp, ∆tar20 luxR) complemented with the tar19 sarp gene via pKY01-tar19, and (c) S. coelicolor M1146 / pCAP01-tarM1 (∆tar19 sarp, ∆tar20 luxR) were analyzed by C18 reversed phase HPLC and monitored at 254 nm.
Figure S5
Effect of genetic complementation of the tar regulatory genes in S. coelicolor M1146 / pCAP01-tarM2 (∆tar20 luxR). Extracts from (a) S. coelicolor M1146 / pCAP01-tarM2 (∆tar20 luxR) complemented with the tar20 luxR gene via pKY01-tar20, (b) S. coelicolor M1146 / pCAP01-tarM2 (∆tar20 luxR) complemented with the tar19 sarp gene via pKY01-tar19, and (c) S. coelicolor M1146 / pCAP01-tarM2 (∆tar20 luxR) were analyzed by C18 reversed phase HPLC and monitored at 254 nm. 
NMR and Marfey analysis tables
Bioactivity of taromycin A compared to daptomycin
The taromycin A stock was prepared by the addition of 100 µl of DMSO to 1000 µg pure material. In a separate microcentrifuge tube, 10 µl of taromycin A stock at 10 mg/ml was added to 490 µl cation-adjusted Mueller Hinton broth (CA-MHB) to prepare the working taromycin A stock. Bacterial strains tested were prepared by removing log-phase cultures from the incubator shaking at 37°C and transferring to a sterile 15 ml conical tube and then centrifuged at 4000 rpm for 10 min. The supernatant was removed and the resulting bacterial pellet was resuspended in 600 µl sterile 1x PBS. The bacterial suspensions in 1x PBS were then diluted to contain 5x10 5 cfu/ml and added to the test plate. Next, taromycin A at 100 µg/ml was added to the test plate followed by serial dilutions. After all components were added, the test plates were sealed and the bacteria were allowed to propagate at 37°C for 16-18 h. Thereafter, the OD600 for each well was acquired and recorded in a plate reader. The minimal inhibitory concentration for each sample tested was defined as OD600 reading less the 0.06, which was comparable to the observed bacteria alone absorbance. A DMSO, bacteria alone and media blank control were also tested within the same plate. In addition, each plate contained duplicate samples and was run in triplicate to test reproducibility (Table S6 ). 
